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Sustainability means different things to different people but it signals an important direction for current 
architecture, namely that green technologies are there to serve society and its development. Within sustainability 
there resides the dominant theme of energy efficiency through mitigation and adaptation. But there are other drivers 
such as social cohesion and economic growth. This balance makes the delivery of sustainable development 
important. Architecture and energy is the initial way to understand how green concept iterated in built environment. 
As a part of design strategy in architecture, this paper tries to define the process of generating form in adaptive 
indigenous ways through a descriptive method using case studies of exemplary buildings.  
It addresses the past, present, and future of systems that manage energy in the built environment. It is also intended 
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,QWURGXFWLRQ
,QWKHH\HVRIFRPPRQEHKROGHUVEXLOGLQJVDVDUFKLWHFWXUDOGHVLJQVDUHQRWKLQJPRUHWKDQIUR]HQIRUPVLQWKHLU
JLYHQ VSDFH 7KH QDWXUDO DVSHFWV WKDW VXUURXQG WKHP KRZHYHU DUH SHUPXWDEOH DV D PHFKDQLVP WR DFKLHYH DQ






7KDQNIXOO\ VXFKDQDGDSWLYHSDUDGLJPFDQEHDGRSWHG IURP WKHDGDSWLYH WUDLWVRIRUJDQLVPV²VXFKDVKXPDQ
EHLQJVDQLPDOVDQGSODQWVDOORIZKLFKKDYHWKHDELOLW\WRDGDSWWRWKHLUHYHUFKDOOHQJLQJHQYLURQPHQWVLQRUGHUWR
VXUYLYH WKURXJK DFFOLPDWL]LQJ WKHPVHOYHV RU DFFRPSOLVKLQJ KRPHRVWDVLV ZLWKLQ WKHLU PHWDEROLF V\VWHP DV DQ
DGDSWDWLRQ WR WKHLU HQYLURQPHQWV )RU LQVWDQFH KXPDQV SHUVSLUH DQG XULQDWH WR PDLQWDLQ RSWLPXP FRUSRUDO
WHPSHUDWXUHLQUHVSRQVHWRH[WHUQDOWHPSHUDWXUHFKDQJHV6LPLODUO\DQLPDOVDQGSODQWVKDYHWKHLURZQPHFKDQLVPV
WR SUHVHUYH WKHLUPRVWIDYRUDEOH YLJRU LQGLIIHUHQW H[WHUQDO FRQGLWLRQV GRJV DUH SDQWLQJ DQGEUHDWKLQJZLWK RSHQ
PRXWKWROHWFRRODLULQWUHHVLQWURSLFDOUDLQIRUHVWVJURZDORWRIOHDYHVLQRUGHUWRFROOHFWVXQOLJKWDVDVRXUFHRI






$GDSWLYH WUDLWV DUH YLWDO WR HQVXUH WKH VXUYLYDO DQG VXFFHVV RI RUJDQLVPV DQG VR LV WUXH IRU RXU EXLOGLQJV DQ
DGDSWLYHSDUDGLJPLVDSUHUHTXLVLWHIRUDQ\EXLOGLQJGHVLJQ+HQFHWKHDGRSWLRQRIDQDGDSWLYHSDUDGLJPUHTXLUHVLWV
LQFRUSRUDWLRQ LQWR WKH IRUP DQG SDWWHUQ ODQJXDJH RI DQ DUFKLWHFWXUDO GHVLJQ LQZKLFK D IDYRUDEOH IRUP ODQJXDJH
VKRXOGEHDEOHWRVKDSHDIDYRUDEOHSDWWHUQODQJXDJH)RULQVWDQFHDKRXVHZLWKH[FHOOHQWDLUIORZV\VWHPVKRXOGEH
DEOH WRPLQLPL]HRUHYHQHOLPLQDWH WKHQHFHVVLW\ WRXVHDQHOHFWULFDODLUFRQGLWLRQLQJV\VWHPZKLFKFRQWULEXWH WKH
ODUJHVWWRHQHUJ\FRQVXPSWLRQRIW\SLFDOKRXVHVLQWURSLFDOFRXQWULHVKHQFHHQHUJ\FRQVHUYDWLRQFDQEHREWDLQHG
5HVHDUFKWKHRU\
)HUQiQGH]*DOLDQR  LQ KLV ERRN Fire and Memory: On Architecture and Energy VWDWHG WKDW WKHUH DUH
VHYHUDOLPSRUWDQWPDWWHUVRQWKHFRQFHSWRIDUFKLWHFWXUHDQGHQHUJ\FRQVHUYDWLRQLQDEXLOGLQJ)LUVWWKHFRUUHODWLRQ
EHWZHHQEXLOWIRUPDQGGHVLJQZLWKHQHUJ\FRQVXPSWLRQSDWWHUQ6HFRQGKRZHQHUJ\LVWUDQVIRUPHGLQWRDEXLOGLQJ
WKURXJK WKH LPSOHPHQWDWLRQ RI SKRWRYROWDLF SDQHOV RQ WKH H[WHULRU RI D EXLOGLQJ$QG WKLUG KRZ WKH DQDORJ\ RI
QDWXUDOHFRV\VWHPFDQLQVSLUHWKHFRQFHSWRIDUFKLWHFWXUHDQGHQHUJ\FRQVHUYDWLRQLQDEXLOGLQJ+HHPSKDVL]HGRQ
WKH FRPSUHKHQVLRQ DQG LPSOHPHQWDWLRQ RI WKH ODZV RI WKHUPRG\QDPLFV WKURXJK VHYHUDO FDVHV RI H[HPSODU\
EXLOGLQJV
7KHUPRG\QDPLFV LV FORVHO\ UHODWHG WR WKH ODZ RI HQHUJ\ DQG V\VWHP PHFKDQLFV LQ SK\VLFV 3ULQFLSDOO\ WKH
FRQFHSWRIWKHUPRG\QDPLFVHODERUDWHVRQWKHSURFHVVRIIRUPFKDQJHRUHQHUJ\H[FKDQJH7KHODZRIFRQVHUYDWLRQ
RI HQHUJ\ WKH ILUVW ODZRI WKHUPRG\QDPLFV VWDWHV ³(QHUJ\ FDQEH FRQYHUWHG IURPRQH IRUP LQWR DQRWKHU EXW LW
FDQQRW EH FUHDWHG RU GHVWUR\HG´ $QG WKLV LV WKH WKHRUHWLFDO JURXQG IRU )HUQiQGH]*DOLDQR WR HODERUDWH RQ WKH
PHFKDQLVPRIHQHUJ\FRQVHUYDWLRQLQDEXLOGLQJ
7KH ODZ RI WKHUPRG\QDPLFV LQ KLV YLHZSRLQW LV SURSRVHG WKURXJK DQ DQDORJ\ RI EXLOGLQJ H[WHULRU DV WKH
LQVXODWLRQRI D V\VWHP7KH H[WHULRU FDQ WUDQVIRUPDQGRU FRQVHUYH HQHUJ\ ,W LV DQ LQWHUHVWLQJ FRQFHSW GXH WR LWV
VLPLODULW\WRWKHIXQFWLRQRIVNLQRQRUJDQLVPV7KHQDWXUDOPHFKDQLVPRIHQHUJ\H[FKDQJHWKURXJKWKHUHJXODWLRQRI
ERG\WHPSHUDWXUHE\WKHPHDQVRIWKHRXWHUFRYHURIRUJDQLVPVi.e.VNLQ%XWLWGRHVQRWH[SODLQKRZHQWURS\DVD
FRQVHTXHQFHRI WKH LPSOHPHQWDWLRQRI WKH ODZVRI WKHUPRG\QDPLFVRQEXLOGLQJH[WHULRUFDQHQVXUH WKHHIILFLHQF\
DQGHIILFDF\RIHQHUJ\FRQVHUYDWLRQRQDEXLOGLQJV\VWHPZKLFKSULQFLSDOO\LVHPEHGGHGLQDQRSHQV\VWHP
)XUWKHUPRUH)HUQiQGH]*DOLDQRGHOYHGLQWRWKHVHVIURP9LWUXYLXVXSWR/H&RUEXVLHUDQGGLVWLOOHGWKHPLQWRD
SDUDGLJPRI WKHUPDO VSDFH LQ DUFKLWHFWXUH:LWKLQ WKH FRQWH[W RIKLV ERRNKH SURSRVHG WKDW WKHUH LV D V\PELRVLV
PXWXDOLVPEHWZHHQDUFKLWHFWXUHDQGHQHUJ\E\PHDQVRIEXLOGLQJPDWHULDOVEHLQJXVHG(QHUJ\LVJHQHUDWHGWKURXJK
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WKHXVHRIFHUWDLQPDWHULDOVLQFRPELQDWLRQZLWKDFWLYHFRROLQJRUKHDWLQJV\VWHPVRQDEXLOGLQJV\VWHP7KHV\VWHP
DQG WHFKQRORJ\ EHLQJ XVHG LQ D EXLOGLQJ DQG XWLOLW\ LQ LWV HQWLUHW\ JHQHUDWH D SKHQRPHQRQ FDOOHG WKHUPDO





'HOYLQJ GHHSHU LQWR WKHPDWWHU DUFKLWHFWXUH DQG EXLOGLQJV DUH FRQVLGHUHG DVPHFKDQLFDO WKHUPDO DQG F\EHUQHWLF
PDFKLQHVRQRQHKDQGDQGKXPDQEHLQJVDQGQDWXUDOHQYLURQPHQWRQWKHRWKHU7KHUHIRUHLWLVQHDUO\LPSRVVLEOHWR
FRPSDUH D EXLOGLQJ DV DQ RUJDQLVP H[FHSW WKH\ KDYH VRPHWKLQJ LQ FRPPRQ WKDW LV ERWK UHTXLUH DQG FRQVHUYH
HQHUJ\WRVXUYLYH)HUQiQGH]*DOLDQRWKHQVWDWHG
Hereafter there will be numerous references to the material organization and the energy flows of a 
building as separate realities. Energy flows are sometimes expressed in the units appropriate to the 
material in question (tons or liters of this or that combustible); but more often it is matter that we 
translate into energy units (joules or watts necessary to produce a brick or a door). Such 
equivalences are mere accounting conventions and will not affect our line of reasoning. Neither 
have they anything to do with the relativist correspondence of mass to energy. More exactly, life 
requires the degradation of energy. As a thermodynamic structure that lies outside the world’s 
equilibrium, its continuity depends on a constant flow of entropy. It feeds not on energy but on 
entropy. Note that there is no contradiction between classical mechanics and the first 
thermodynamic principle, which consecrates energy conservation. The conflict, is with the second 








Getting the building configuration and structure right makes the largest contribution to creating low energy 
buildings. It is therefore important for architects to consider the passive aspects of the design right from the 




URRWHG RQ VFLHQWLILF FRPSUHKHQVLRQ RQ WKH QDWXUH DQG SURFHVV RI HQHUJ\ WUDQVIRUPDWLRQ KHQFH VXFK GHULYDWLYH
GHILQLWLRQVFDQEHUHDOLVWLFDOO\DQGHIIHFWLYHO\LPSOHPHQWHGRQDEXLOGLQJ6FLHQWLILFFRPSUHKHQVLRQLQWKHFRQWH[WRI
DEXLOGLQJFDQFHUWDLQO\EHREWDLQHGWKURXJKGDWDPRQLWRULQJRIEXLOGLQJSHUIRUPDQFHRIZKLFKWKHQZLOOEHXWLOL]HG
WR LPSURYH WKHTXDOLW\RIEXLOGLQJGHVLJQDQG LWVUHDOL]DWLRQZLWKLQ WKHFRQFHSWRIHQHUJ\HIILFLHQWEXLOGLQJ LQ WKH
IXWXUH$VVKHHODERUDWHG
Zero-energy buildings are not realistic, but zero-CO2 buildings are. The definition of zero-CO2 building does 
require some qualification. Building materials and elements, including energy-generating installations such 
as solar panels and wind turbines, have an embodied energy (see Chapter 4). This embodied energy is 
generally associated with CO2 emissions. The concept of a zero- CO2 building can therefore currently only 
be applied to the building’s operation. Moreover, a further distinction is required between zero- CO2 energy 
supply technologies and renewable energy: not all renewable energy is necessarily zero-CO26WUDWHJLHVIRU
6XVWDLQDEOH$UFKLWHFWXUHS
Building designs, which are modelled on existing buildings that have not been monitored, run a risk of 
replicating unsuccessful strategies. Building monitoring can identify successful and unsuccessful design 
approaches and details. This can contribute essential information to the body of knowledge held by the 
design profession as a whole, and help to improve building designs in general 6WUDWHJLHV IRU6XVWDLQDEOH
$UFKLWHFWXUHS






For there to be heating, cooling, lighting, and electric power throughout a building, the energy required by 
these functions is usually distributed from one or more central points. The most common media used to 
distribute energy are steam, hydronics, air, and electricity. Refrigerants are also used as a means of energy 
transfer between components of refrigeration equipment. Usually, except for with industrial and certain 
specialized applications, the length of refrigerant piping runs is not great 7KH'HVLJQ&RQVWUXFWLRQ DQG
2SHUDWLRQRI6XVWDLQDEOH%XLOGLQJVS

 'HULYLQJ IURP WKLV SUDFWLFDO SHUFHSWLRQ WKHPRVW LPSRUWDQW DVSHFW LQ GHVLJQLQJ D VXVWDLQDEOH EXLOGLQJ LV WR
FRQVLGHUWKHIORZRIHQHUJ\LQVLGHWRHQDEOHKHDWLQJFRROLQJOLJKWLQJDQGHOHFWULFLW\WREHGLVWULEXWHGE\WKHPHDQV














D ,V WKHUHDQ\FRUUHODWLRQEHWZHHQ WKH IRUPDQGGHVLJQRIDEXLOGLQJDQG WKHFRQVXPSWLRQSDWWHUQRIHQHUJ\
WKURXJKEXLOGLQJPDWHULDOVEHLQJXWLOL]HG
E +RZLVHQHUJ\WUDQVIRUPHGRQWKHEXLOGLQJVWKURXJKWKHXVHRIEXLOGLQJH[WHULRU





7KHPHWKRGVEHLQJXVHG LQ WKLV UHVHDUFK LVGHVFULSWLYHZLWKFDVH VWXGLHV7KHPHWKRGVDUH VHOHFWHGGXH WR WKH
QDWXUHRIWKLVUHVHDUFKWKDWLVGHVFULELQJKRZWKHRUHWLFDODUJXPHQWDWLRQLQWKHFRQWH[WRIHQHUJ\DQGEXLOGLQJVFDQ
EHLPSOHPHQWHGLQUHDOOLIHVLWXDWLRQWKURXJKWKHFDVHVWXGLHV7KHFRUUHODWLRQEHWZHHQWKHRUHWLFDOUDWLRQDOHDQGFDVH
VWXGLHV LV LQWHQGHG WR SURYLGH WKHRUHWLFDO HQULFKPHQW LQ WKH VXEMHFW RI VXVWDLQDEOH DUFKLWHFWXUH 7KH EXLOGLQJV LQ
TXHVWLRQZHUH VSHFLILFDOO\ VHOHFWHGGXH WR WKHLUEXLOGLQJGHVLJQDUJXPHQWVRIJUHHQDUFKLWHFWXUH DFFRUGLQJ WR WKH
WKHVLV IURP$OWKHV  IRU WKH+DZDLL*DWHZD\(QHUJ\&HQWHU DW1HOKD.DLOXD.RQD+DZDLL DQG6WDQJ DQG
+DZWKRUQHIRUWKH7D\ORU+RXVHDUHVLGHQWLDOEXLOGLQJLQ6FRWODQG&D\V%DKDPDV
7KLV SDSHU LV DOVR FRQGXFWHG WR REWDLQ EHWWHU FRPSUHKHQVLRQ UHJDUGLQJ WKH SKLORVRSKLFDO SHUVSHFWLYH RI KRZ
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5HVXOWVDQGGLVFXVVLRQ
Architecture combines technologies with one another and with common sense, while accommodating the 
peculiarities of its users, and because the thought which organically scales the facility can make clear, 
through the resulting work, the operations, goals, and ideal characteristics of the user’s system. 
The architectural work is a synthesis of space and the description of that space; the work organically 















































7KHURRIRI WKLVEXLOGLQJ LVVLPLODU WR WKH OHDYHVRI UDLQIRUHVW WUHHV WKDWH[SDQG LQQXPEHUV WRJDUQHUDVPXFK
HQHUJ\ IURP WKH VXQ DV WKH\ FDQ 7KH VHOHFWLRQ RI FRSSHU DV LWV PDWHULDO LV EDVHG RQ FRSSHU¶V KLJK WKHUPDO
FRQGXFWLYLW\ ZKLFK FDQ FROOHFW VRODU KHDW HYHQO\ RQ LWV VXUIDFH HQDEOLQJ WKH SDVVLYH FRROLQJ V\VWHP WR ZRUN DW
KLJKHUUDWHVRIDLUFLUFXODWLRQDVWKHKLJKWHPSHUDWXUHLQWKHXSSHUSOHQXPH[KDOHVKRWDLUWKURXJKWKHFKLPQH\VDQG
LQKDOHV VHDZDWHUFRROHG DLU IURP WKH ORZHU SOHQXP EHORZ 7KLV UHVSLUDWLRQOLNH SURFHVV SURYLGHV D FRQGXFLYH
WHPSHUDWXUHIRUXVHUDFWLYLWLHVLQVLGHZLWKRXWWKHQHHGRIRWKHUPHFKDQLFDORUHOHFWULFDODLUFRQGLWLRQLQJV\VWHPV
6LPLODUO\ WKH XVH RI SKRWRYROWDLF SDQHOV DV D VRXUFH RI HOHFWULFLW\ UHVHPEOHV WKH OHDYHV LQ WHUPV RI HQHUJ\
FROOHFWLRQDQGJHQHUDWLRQ7KHSODFHPHQWRIWKHSDQHOVDOVRSURYLGHVVKHOWHUVIRUWKHIURQWSDWLRDQGWKHEDFNZDOORI



























ZLWK LWV VLPSOLVWLF IXQFWLRQDOLW\ /RFDWHG LQ D VHFOXGHG$EDFR LVODQG RI%DKDPDV WKH YDFDWLRQ KRXVH RI WKH ODWH
LQYHQWRU RI WKH ILUVW EDUFRGH UHDGLQJPDFKLQH -LP7D\ORU IDFHV WKH JHRJUDSKLFDO FKDOOHQJHV RI WKH LVODQG IURP
EOLVWHULQJ VXQ DQG VZDUPV RI VFRUSLRQV WR FDWHJRU\ILYH KXUULFDQHV 1RW WR PHQWLRQ WKH ELJJHVW SUREOHP RI WKH
XQDYDLODELOLW\RIIUHVKZDWHU WKDW IRUFHV WKH LVODQG LQKDELWDQWV WRFROOHFW UDLQZDWHU IRUGULQNLQJFRRNLQJZDVKLQJ
DQGEDWKLQJ
7KH KLUHGDUFKLWHFW )UDQN .DUPRQ ZKRVH EDVH RIILFH LV LQ 5DOHLJK 1RUWK &DUROLQD 86$ FDPH XS ZLWK D
VROXWLRQRIDURRIGHVLJQLQWKHVKDSHRIXSVLGHGRZQKROORZS\UDPLGWKDWFDQIXQQHOUDLQZDWHUGRZQWKURXJKLQFK
VWHHOSLSHLQWRDQJDOORQFLVWHUQDWJURXQGOHYHO:KLOHWKHZRRGHQFHLOLQJGLVJXLVHVWKHIRUPRIWKHURRIWKDW

































 (QHUJ\ FRQWULEXWHV WR RU DIIHFWV WKH IRUPV RI DUFKLWHFWXUDO GHVLJQV E\ WKH YLUWXH RI IXQFWLRQDOLW\ WKDW LV
VXPPDUL]HGLQWRWKHDVSHFWVRISULPDU\UHIHUHQFHVLQDJUHHQDQGVXVWDLQDEOHV\VWHPRIEXLOGLQJXWLOLWLHV
 &RQVLGHULQJWKHJLYHQFDVHVWXGLHVWKHUHDUH
D$FRUUHODWLRQEHWZHHQ WKH IRUPDQGGHVLJQRI WKHEXLOGLQJV DQG WKH FRQVXPSWLRQSDWWHUQ RI HQHUJ\ WKURXJK
EXLOGLQJPDWHULDOVEHLQJXWLOL]HG
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E (QHUJ\ LV WUDQVIRUPHG DQG FRQVHUYHG LQ WKH EXLOGLQJV E\ WKHPHDQV RI EXLOGLQJ H[WHULRU IRU LQVWDQFH WKH




G 8VLQJ WKHSULPDU\ UHIHUHQFHRI WKH IORZRIHQHUJ\ LQ WKHEXLOGLQJ LW LVFRQILUPHG WKDW WKHEXLOGLQJV LQ WKH
FDVHVWXGLHVDUHVXVWDLQDEOH

,W LV WKH EXLOGLQJ XVHUV ZKR ZLOO XOWLPDWHO\ SHUFHLYH DQG H[SHULHQFH WKH SHUVRQDOL]HG LGHDV RI WKH GHVLJQHU
7KH\²DV WKHSULPDU\ FRQVXPHURI VXFK DPHWDSKRU²FDQXQGHUVWDQG WKH WUDLWV RI VXVWDLQDELOLW\RI DEXLOGLQJE\
QRWLFLQJYLVLEOHEXLOGLQJPHFKDQLVPVDQGLWVPRUHVXEWOHQDWXUDOPHWDSKRU
+DELWDEOH VWUXFWXUDO YROXPHWULF XVHDEOH PHWDSKRUV OLNH PXVLF DUH FRPSRVHG DVVHPEOHG DQG FRQMXUHG
0HWDSKRUVDUHUHLILHGDQGFUHDWHGE\WHFKQLTXHIURPH[SHULHQFHVZLWKWKHHOHPHQWVRIWKHPHWDSKRU7KHGHVLJQHU
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